We investigated population density and patterns of habitat selection by the common brushtail possum (Trichosurus vulpecula fuliginosus) within a patchy forestry environment in north-west Tasmania. Population density was extremely low overall (0.04 animals.ha -1 ) and varied between habitats (0.01 -0.13 animals.ha -1 ). Selection indices from population surveys and animal movement data showed clear patterns for two closed habitats across two spatio-temporal scales: native forest was selected for, while 5 -7 year old Eucalyptus nitens plantation was selected against, for both home range placement within the study area and habitats selectively used while foraging at night. Daytime habitat selection also showed the same pattern. We argue that native forest represented high quality habitat, offering both food and shelter (tree-hollows), while older plantation represented low quality habitat, lacking both of these resources. Results for open habitats (young Eucalyptus nitens plantation and grassland) were less clear. These patterns are discussed in relation to potential effects of a changing forestry landscape on this species.
THE common brushtail possum (Trichosurus vulpecula) is classified as an arboreal folivore although it can have a relatively catholic diet including foliage, fruit, bark, pollen, fungi, insects and birds (Fitzgerald 1984; Kerle 1984; Statham 1984) . It is often considered to be a hardy survivor with the ability to adapt to many environments, given its extensive geographic range including urban environments (Statham and Statham 1997) . Despite this apparent hardiness, its conservation status has received increasing attention in the south-west and arid regions of Australia, due to markedly declining numbers and contracted distribution (Kerle et al. 1992; How and Hillcox 2000) . In contrast, its status in forests in eastern Australia has not been remarked upon, presumably because it is considered secure. As forestry management alters the forest landscape, it seems pertinent to consider both the current and potential status of possums in relation to such changes.
Studies from both Australia and New Zealand have used possum population density and home range size to quantify habitat quality within discrete environments. The highest densities (25 animals.ha -1 ) and smallest home ranges (0.6 ha) have been reported for New Zealand populations found in broadleaf / podocarp forests (Green 1984) . The high quality of these forest habitats is attributed, at least partly, to the low browsing resistance of plant species within them, which in turn reflects the relatively recent introduction of possums into New Zealand (Fitzgerald 1984) . In Australia, population densities are an order of magnitude lower than in New Zealand. In open woodlands around Canberra, density has been reported at 0.49 animals.ha -1 , with home ranges of 1.1 ha (female) and 5.0 ha (male) (Dunnet 1964) . Within 80-year old Tasmanian rainforest, density was estimated at 0.31 animals.ha -1 with home range sizes of 4.2 ha for females and 7.0 ha for males (Hocking 1981) while How (1972) estimated a density of 0.44 animals.ha -1 within Eucalyptus forest in south-eastern mainland Australia. In south-western Australia density estimates range from 0.28 -2.84 animals.ha -1 (How and Hillcox 2000).
In Tasmania, about 43,000 ha (2.8%) of State Forest land is managed as hardwood and softwood plantation (Wells 2000) and a further 80,000 ha comprises privately owned plantation estates (Wardlaw and de Little 2000) . The landscape consists of a mosaic of habitats, with patches of native plant communities, cleared land, regenerating forest and plantations of various ages. These patches are small enough for brushtail possums to potentially select habitats at both the scale of home range placement and for specific activities such as foraging or resting within their home range. However, exactly how they use this modified forestry landscape or whether it represents a high or low quality environment is relatively unknown.
In this study our main aims were to (1) determine population density of common brushtail possums (T. vulpecula) and (2) investigate their patterns of habitat selection within a managed forestry environment in northwest Tasmania. Using these results as an estimate of the quality of the environment, we also aimed to briefly consider the potential implications of a changing forestry landscape on T. vulpecula populations. We used both population surveys and radio-tracking of individual animals to provide complementary evidence of habitat selection at two spatiotemporal scales: selection of the home range and selection of nocturnal feeding areas within the home range; and radio-tracking alone for examining diurnal habitat selection within the home range.
MATERIALS AND METHODS

Study site
The study area was located in North Forest Product's (NFP, now Gunn's Ltd) 'Surrey Hills' tree-farm in north-west Tasmania (41° 28' S, 145° 48' E). Five habitats dominated the site (Fig. 1) , from greatest to least area: (1) older plantations of Eucalyptus nitens (5 -7 years old, 5 m tall); (2) native forest (rainforest and wet eucalypt forest); (3) grassland; (4) a prepared forestry plantation site with relatively high weed cover, planted with E. nitens tree seedlings during the study (hereafter referred to as young plantation); and (5) harvested uncleared land (scrub and fallen vegetation). Size of habitat patches varied considerably (Table 1) . The largest patches were older plantation, while the smallest patches comprised a single tree derived from native forest, usually in a patch of harvested uncleared land.
The young plantation was selectively logged some time before clearing in March 1996. The vegetation had been wet eucalypt forest and grassland. Eucalyptus nitens seedlings (height 15 cm, 1100 ha -1 ) were planted in November 1997. They were spot-herbicided within a 0.5 m radius with Roundup (Glyphosate) within one week of planting and were fertilised (100 g of Pivot fertiliser (18N:20P:0K)) six weeks after planting. Staff from NFP performed all forestry operations.
Population density and habitat selection at night
Population surveys
We used nocturnal line-transect sampling to estimate T. vulpecula population densities during eight sampling periods between May 1997 and March 1998. Each sampling period consisted of six nights spotlighting, 2 -3 nights apart, over 17 days. Sampling methods are described in detail elsewhere (le Mar et al. 2001) . In brief, 84 permanent transect lines were located within four habitats: 30 in older plantation, 20 in native forest, 10 in grassland and 24 on the young plantation. We did not survey harvested uncleared land because visibility was extremely restricted (often less than 1 m). Transect lines were surveyed at night by a two-person team walking in single file at 1 km.hr -1 , using a 100 W spotlight. Both ground and canopy were searched for animals. Perpendicular distances to sighted animals were recorded using established distance categories marked by wooden stakes and reflectors (le Mar et al. 2001) . Data collection began one hour after sunset and was completed within six hours. Too few sightings of possums were obtained to produce valid sighting histograms (Buckland et al. 1993) , so striptransect analysis was used to estimate density.
Population density
Population density for each habitat was calculated as the number of individuals per hectare, using transect as the unit of replication and having averaged across time periods for each transect. Overall population density (D T ) was then calculated from the densities for the four separate habitats and the proportion of habitat available as:
where D i is the mean density in habitat i, A i is the area of habitat i and A is the area of the study site. For these population parameters, the study site was defined as an area of 420 ha. The difference in absolute area used for the population vs. individual components of the study (420 cf. 770 ha) resulted from the use of buffers around data in the latter in recognition of telemetry error (described below). The proportional areas of each habitat in the study area defined for the population results were essentially the same as those shown in Table 1 .
Habitat selection indices
To test whether possums were using habitats in proportion to their availability, we used the loglikelihood statistic (X L 2 ) (Manly et al. 1993) . Where results were significant, a resource selection index (ŵ i ) was calculated for each of the four habitats (Manly et al. 1993) . Where values were greater than 1, the habitat was selected for; and where values were less than 1, the habitat was selected against, based on the assumption that density correlated with preference. Fig. 1 . A map of the 770 ha study site showing the location of the radio-tracking towers and the distribution of the five main habitat types: young plantation, native forest, grassland, older plantation and harvested uncleared land. 
Habitat area
Individual habitat selection
Radio-telemetry of individuals
The collection of radio-telemetry data is described in le Mar et al. (2003) . Briefly, animals were caught on and around the young plantation. Six individuals (2 ♂ and 4 ♀) were each fitted with a single-stage radiotransmitter (Sirtrack Electronics, New Zealand) attached to a leather collar. Each transmitter emitted a unique frequency between 150 -152 MHz. Transmitter signals were detected from receiving stations using an Advanced Telemetry Systems receiver and a directional, null-peak design antenna mounted on a 6 m metal frame, housed within a caravan. Three receiving stations ('towers') were located approximately 1.9 km apart, in an equilateral triangle around the centre of the study site. Accuracy of the telemetry system was tested using 163 test point locations (le Mar 2002). Mean tower bearing errors (± s.e.) were: -1.05° ± 0.32 (n = 159), 0.21° ± 0.31° (n = 161) and -1.04° ± 0.35° (n = 148). Mean areal error (95% confidence circle) for the telemetry system was 3.45 ha, ranging from highest error in native forest (5.67 ha), similar intermediate error in young plantation, older plantation and grassland (3.34, 3.31 and 3.56 ha respectively) and lowest error in harvested uncleared land (0.53 ha) (le Mar 2002). These errors are sufficiently small, compared with the size of most habitat patches in the study site, to make potential bias in location estimates unlikely (Nams 1989).
We radio-tracked animals during the eight sampling periods described above for the population surveys. Each sampling period comprised nine 12-hour data collection sessions conducted over 17 days. Sessions were classed as 'dark' or 'light'. Dark sessions began 1 h before sunset and ended 12 h later; light sessions were the inverse. Six dark sessions and three light sessions were conducted each sampling period, however, each individual animal used in home range analysis (below) was only radiotracked for one dark and one light session per sampling period. During each 12-hour data collection session, between one and three possums and at least one control point were located every 45 min (macropods were also tracked within this period, but those results are not presented here). Transmitters located at known points on the young plantation were used as control points to detect variations in recorded directions due to climate conditions, equipment problems and / or human error. Operators in each of the three towers simultaneously tracked transmitters attached to animals. A fourth person used radio contact with the three operators to coordinate tracking activities and map bearings as they were collected, to eliminate back-bearings (MacDonald and Amlaner 1979) . Position data were collected as magnetic bearings from each of the three towers to the animal.
Habitat selection by individuals -home range cf. study area
This comparison tested the null hypothesis that home range occurred randomly within the study area with respect to habitat type. Analysis was based on the methods of Manly et al. (1993) (design II, sampling protocol A). The available area was the 770 ha study site shown in Figure 1 . The areas used by animals were their home ranges, calculated using the software program Animal Movement® (Hooge and Eichenlaub 1997) , as described in le Mar et al. (2003) . Both minimum convex polygon (MCP) and 95% fixed-Kernel (KE) home range values were tested. Home ranges were buffered by 105 m to incorporate radio-tracking error as recommended by Rettie and Messier (2000) . Habitat composition was determined using ArcView® GIS (ESRI 1998).
For each animal, a resource selection index (ŵ i ) was calculated for the five habitat types (Manly et al. 1993) . Where a habitat type was not used despite being available, it was assigned a value of 0.01% during analyses. Habitat preference for each species was calculated as a selection ratio, with Bonferroni adjusted 95% confidence intervals. As for the population survey results, where values were greater than 1, the habitat was selected for; and where values were less than 1, the habitat was selected against.
Nocturnal and diurnal habitat selection by individuals
We determined whether or not individuals foraging at night used habitats according to availability, based on the analysis of Manly et al. (1993) [design III, sampling protocol A]. For this analysis, the available area for an animal was its MCP home range. We were unable to use data from the 95% KE estimate of home range, due to difficulties in determining which individual fixes to remove from the data set. Potential implications of this are discussed later. The buffered locations collected during a single sampling session represented the areas used by individuals. As data needed to reflect the light-cycle, 'dark' and 'light' data sets were sub-sampled appropriately to reflect true night or day. Results were averaged across sampling periods, so that an average nocturnal proportional use of each habitat was obtained for each animal and compared with the home range, i.e., the unit of replication was the animal. Selection ratios for each species were calculated using ŵ i (Manly et al. 1993) . We repeated the analysis for habitat selection during the day using the 'light' data sets.
RESULTS
Population density and habitat selection at night
Across the study site as a whole, the population density of T. vulpecula was 0.04 ± 0.07 (animals.ha -1 ± s.e.). The mean nocturnal density ranked highest in grassland followed by young plantation (both open habitats) then native forest and was lowest in older plantation (Table 2) . At the population level, nocturnal habitat selection by T. vulpecula was nonrandom (X L 2 = 16.4, d.f .= 3, p < 0.005). Both open habitats and native forest were selected for, while older plantation was selected against (Table 2) .
Habitat selection by individuals -home range cf. study area
Within the study area, home range placement showed strong selection for young plantation and harvested uncleared land, and strong selection against older plantation irrespective of the home range estimator used (Table 3) . Grassland was selected for with the MCP estimator but used as available with the 95% KE estimator. In contrast, native forest was used as available with the former estimator but was selected for with the latter (Table 3 Table 3 . Habitat selection ratios (ŵ i ± 95% C.I.) of individuals of T. vulpecula (n = 6), from comparison of proportions of habitat within an animal's home range vs. that available in the overall study site. * indicates habitat selected for, † habitat selected against. Values are given for ratios calculated using the minimum convex polygon (MCP) and fixed-Kernel 95% isopleth (95% KE) estimators of home range. 
Habitat selection by individuals -nocturnal and diurnal range cf. home range
Light-cycle or activity had little effect on habitat selection within the home range by T. vulpecula (Fig.  2) . During both night and day, animals selected for native forest and avoided all other habitats.
DISCUSSION
Population density and nocturnal habitat selection
Population density for T. vulpecula in this patchy eucalypt forestry environment as a whole was extremely low. In fact, this value (0.04 animals.ha -1 ) is an order of magnitude lower than population densities reported in other Australian studies (Dunnet 1964; How 1972; Hocking 1981; How and Hillcox 2000) . Even if a large proportion of individuals were undetected, the extremely low estimated density combined with very large home ranges previously reported for individuals from this same population (le Mar et al. 2003) , suggests that the environment was very low quality for this species.
Of the four habitats examined at the population level, three of them were selected for but one, older plantation, was selected against by T. vulpecula. These results may reflect true differences in habitat selection or may be an artefact of potential differences in detectability between habitats while spotlighting. There are several reasons to argue the former. Results from modelling red-bellied pademelons (Thylogale billardierii) at this site over the same period indicate greatest sightability in young plantation, grassland and older plantation, followed by native forest (le Mar et al. 2001) . Patterns are likely to be the same for possums and, in this case, positive selection for young plantation, grassland and native forest would have been even stronger if we could have incorporated sightability into the density estimate. In the case of older plantation, even if sightability was lower than anticipated from these results, the extremely low density estimate (which actually reflected the observation of only one possum during spotlighting over the eight-month study in the 275 ha of older plantation surveyed) is unlikely to have increased sufficiently to counter the conclusion that the habitat was selected against. This is further supported by results from radio-tracking individuals on the same spatio-temporal scale (discussed below).
Vegetation was only quantified in young plantation (le Mar 2002), but grassland, young plantation and native forest all provided a range of food plant species, as well as shelter (windrows, isolated eucalypts and hollow-bearing trees, respectively) from predators such as the Tasmanian devil (Sarcophilus laniarius) and spotted-tailed quoll (Dasyurus maculatus) (Jones and Barmuta 1998) and raptors such as the wedge-tailed eagle (Aguila audax) (Brooker and Ridpath 1980 ) that occurred in the area. In contrast, older plantation appeared to provide few foraging opportunities: there was no evidence that animals consumed juvenile foliage from E. nitens saplings and the ground was mostly bare, apart from the occasional rush (Juncus pallidus). Consistent with this, intake of sapling E. nitens foliage by captive T. vulpecula possums is very low (less than 20% of that required for maintenance even under no choice conditions (P Loney, C McArthur, G Jordan, unpubl. data)), indicating that without substantial amounts of alternative food, older plantations represent low quality habitat patches. It is possible that den sites were also limited, because trees lacked tree-hollows. This is equivocal since T. vulpecula can also nest in dense shrubs, holes at the base of trees, below ground (e.g., in abandoned rabbit warrens), and among rocks and crevices (Troughton 1946; Dunnet 1956; Frith 1973; Green and Coleman 1987) , although such den sites may only be possible when predators are absent or in very low densities. Older plantation was the predominant habitat within the study site, comprising well over 50% of the total area. It seems likely then, that low overall population density in the study area was a function of the predominance of low quality older plantation.
Habitat selection by individuals -home range cf. study area
At the scale of selection of home range in relation to habitat availability in the study site as a whole, T. vulpecula selected for young plantation and harvested uncleared land but selected against older plantation. Conclusions for native forest and grassland habitats depended on the home range estimator used. As the MCP estimator provides information on the home range boundary, while the KE estimator identifies areas of concentrated use, the latter more accurately detects general use while ignoring infrequent forays. On that basis, we can infer that T. vulpecula tended to select for native forest and use grassland as available for their home range.
As argued for the population survey, selection for young plantation, native forest and use of grassland was likely to be due to the abundance and diversity of food species in these habitats, along with shelter from predators. Selection for harvested uncleared land may be an artefact of its distribution around the young plantation combined with use of buffered points for the radio-telemetry analysis. Active selection for its abundant shelter despite little food seems unlikely at this home range scale, as shelter itself requires little space. Selection against older plantation is again consistent with low food abundance and limited treehollows within this habitat.
Nocturnal and diurnal habitat selection by individuals
Within their home range, T. vulpecula selected for native forest while foraging at night. This pattern is consistent with selection decisions based upon food (foliage) and shelter (tree-hollows) within this habitat. It is also consistent with results at the population level (discussed above).
Selection against older plantation by individuals at night, as also shown at the population level and in relation to home range habitat selection, is consistent with the argument that this represents low quality habitat for this species. There is no information from other studies on use and selection of eucalypt plantations of various ages by T. vulpecula. However, a landscape study at Tumut in southeastern mainland Australia found that T. vulpecula was essentially absent from large stands of Pinus radiata plantation (Lindenmayer et al. 1999) . This was attributed to a lack of both cavity shelter sites and appropriate food.
Selection against grassland and young plantation by individuals at night, however, differs from conclusions at the population level. The reason for this disparity is unknown. It may result from a relative abundance of these two habitats in the home ranges of the radio-tracked animals compared with the population as a whole, reducing the need for further selection while foraging. T. vulpecula has previously been shown to travel far (up to one kilometre) from within forest to feed on pasture (Green and Coleman 1986) . This indicates that open habitat can be significant feeding areas, but such travel and use may depend on a relatively high discrepancy in quality between resting and foraging habitats.
During the day T. vulpecula showed strong selection only for native forest, and selected against all other habitats. This result is consistent with the use of tree-hollows for diurnal shelter, which was confirmed by radio-tracking animals on foot. It suggests that native forest provided superior nesting sites than either windrows in young plantation or isolated eucalypts in grassland, otherwise the latter habitats would also have been expected to be selected for during the day.
It is unclear how much selection results would have differed at this within-home range scale had light and dark fixes from the 95% KE home range been used instead of the MCP home range. As there were no large discrepancies in selection indices for any habitat, we suggest that the patterns would probably have been similar.
Conclusions
A clear pattern emerged from this study in relation to T. vulpecula and closed habitats, native forest and older plantation, in this region. Native forest was generally selected for, had relatively high animal density and therefore, we would argue, represented high quality habitat. In contrast, older plantation (5 -7 years old) was selected against at all levels, had very low animal density and on that basis represented low quality habitat. The former habitat provided food and shelter while the latter appeared to provide little of either. Although the pattern was less clear for open habitats, patterns of selection for both grassland and young plantation by T. vulpecula reflected that of native forest at least at the nocturnal population level and home range selection scale.
Our results represent the net effect of the relative abundance and distribution of habitats within this forestry environment to T. vulpecula at the time of the study. As the landscape changes, however, its overall quality to T. vulpecula may also change. Replacing high quality native forest with E. nitens plantations may not disadvantage animals initially, if young (unherbicided) plantations provide food and possibly shelter, albeit lower in quality. As plantations age, however, our results suggest they will become less valuable to T. vulpecula as ground cover and vegetation diversity is reduced, predominantly leaving the relatively unpalatable and apparently nutritionally insufficient sapling foliage from a single eucalypt species (in this case E. nitens). Furthermore, they are likely to be harvested well before tree-hollows for shelter are formed. A corollary is therefore that landscape quality will be reduced if the relative area of plantations with short rotation increases in relation, particularly, to native forest. We suggest that landscape scale studies are needed in this forestry environment, such as that described in Lindenmayer et al. (1999) 
